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l,eachate solutions generated by rainwater infiltration Into and 
through various tjrpes of waste must be eompatlble with the liner 
(s3mthetlc or natural) used to retain the waste. Should chemical 
interaction destroy the liner, leachate would escape Into the loeal 
groundwater possibly destroying a vital local resource. 

The purpose of this particular project has been to assess the 
compatibility of Leda clay from the Ottawa/Carleton region of Ontario with 
typical domestic waste leachate. Measurement of hydraulic conduetivlty 
has been the assessment tool . 

The project has been sponsored as a contract by the Ontario Ministry 
of the Environment (Project #299 PL, Purchase Order A97937, Requisition 
No. 110532 dated April 8, 1987). A contract format was selected since the 
work is, in part, site specific and will probably be used In a future 
envlronfflental hearing . 

Our Italson officer has been Mr. Robert A. During, P,Eng. , District 
Officer, Ontario MOE, Ottawa. We thank Mr. Dunn for his understanding 
extensions to our contract deadlines caused by problems in selecting both 
the Leda clay samples and suitable domestic leachate, and the first 
author's extensive sabbatical travels in 1989, 

We also acknowledge the assistance of Geocon Inc. and MacLaren 
Engineers Ltd. who did the soil sampling at Sites #10 and #19 and Dr. K.T. 
Law at the Institute for Building Research at MC who generously supplied 
us with a weathered near surface Leda clay sample. This latter sample 
yielded some of our most interesting results. A useful review carried out 
by Dr. B. Iyer on behalf of MacLaren Engineers Ltd. Is also acknowledged. 
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1.0 IHTEODUOTIOl 



*flie purpose of this Eesearcli Coiitract has been to establish the 
GOBpatibility of lada clay with domestic waste leachate using hydraulic 
conduct Ivity as the assessHent tool. The terms of the contract required 
testing of four tjrpical Leda clay samples considered representative of 
potential waste disposal sites in the Ottawa/Carle ton region. 

Ttm four samples selected consisted of two soft, clay samples from 
Candidate Site #10, one stiff sample from Site #19 and one weathered and 
fissured surface sample from the grounds of the National Research Council 
designated Site #E. 

Domestic waste leachate from the Westminster Landfill site near 
London, Ontario was used as the influent permeant for the hydraulic 
conductivity tests. All four tests were run until the effluent cheiiistry 
reached influent concentration levels. Potassium was the most 
significantly retarded species measured and was used as the chemical 
control on testing time. 

Extensive chemical analyses were carried out during and after 
permeation. This was followed by post- testing sample assessment which 
included x-ray diffraction and cation exchange capacity measurements to 
study any K* fixation effects. 

Reporting on the project has included four progress reports dated June 
22, 1987, January 22, 1988, May 3, 1988 and June 15, 1988. A draft of 
the final report was submitted on July 29, 1988 for Ministry review. 
Answers to the review coBBetits are included in the text of this final 
repiort. 
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i.O EEGIQNAL SOIL OONDITIOHS 

A map of the Ottawa region taken from Crawford and Eden (1965) Is 
presented on Figure 1. The location of the three sites from which clay 
samples haire been obtained are shown by the solid triangles. Site flO is 
a candidate landfill site. Site #19 was a possible energy -froii- waste site 
and Site #1 is located on the groimds of the National Research Council of 
Canada laboratories. The letters A to K on the map refer to study 
locations discussed by Crawford and Eden. 

The small scale cross -section below the regional map illustrates the 
amount of erosion that has probably taken place In the area. In areas of 
extensive erosion, the clays are heavily preconsolldated compared to 
nearly normally consolidated clays In uneroded areas. 

Reference to the map suggests that Site #10, which is probably 
similar to Crawford and Eden's Site I, is in a high elevation area of 
thick clay which should have experienced little erosion and will thus 
consist of soft clay. This was confirmed by geotechnical investigations 
and the consolidation tests reported later in this report. Site #19, 
which Is near K, appears to be a high elevation site with less clay but 
some erosion. The NRC site Is an even higher elevation site but the clays 
are thin and highly desiccated. 

Figure 2, also adapted from Crawford and Eden (1965) shows the 
regional relationships between elevation and preconsolidation pressure. 
Although the zones are broad, the trends are clear; the higher the 
elevation the less consolidated and softer the clay deposit. 
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Consolidatlon data for study Sites #10, #19 and #E are plotted on 
Figure 2 as large solid squares. The value of a^' for Site #19 overlies 
a data point £pr neighbouring Site K documented by Crawford and Eden. The 
value of CTp' for Site #1 lies more or less on the extrapolation of the 
line for Crawford and Eden's Site #E even though the test soil was 
unsaturated and from the desiocated surface zone clays at IRC. Finally, 
the CTp' line for the surface clays at Site #10 lies fairly close to the 
line for Crawford and Eden's Site I, although the Site #10 soils appear 
less preconsolidated and possibly represent a nearly uneroded, 
vndesiccated geologic section. 

An additional o^' data point for elevation 58.6 n at Site #10 is also 
plotted on Figure 2, This point is off the trend line established by the 
other three points and is believed to represent a siltier stratum at 



3 . MATmiAI^ 



The four test soils selected for hydraulic conductivity testing and 
tlie influent test leachate are described here. 'The results of extensive 
mineralogical work carried out to make the sample selections are presanted 
in Appendix I . 

The four test soils were selected on the basis of a combination of 
technical and non- technical factors. For example, two smiples were 
selected from Site #10 since consultations with MacLaren Englnesrs Inc. 
indicated it was a preferred or eandidate site and therefore in need of 
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most attention, ' 

fh@ leacbate used came from the Westminster Latidflll south of London, 
Ontario. This leachate was used since it was possible to obtain fresh 
leachate direGtly from the collection system without long distance 
shipping. Also, London and Ottawa are similar sized municipalities so the 
leachates should be similar In composition although It is acknowledged 
that the licensed mix of wastes could ultimately be different at Ottawa. 

3.1 Description of Test Soils 

3.1.1 Physical Properties 

The two Site #10 samples consisted of soft, grey sensitiire silty clay 
from depths of 3.8 and 11.5 m. A thin sand cover at the site appears to 
have prevented extensive dessication resulting in soft clays with high 
water contents of 55 and 67Z which exceed their corresponding liquid 
limits of 51 and 65X (Table 1) . Consolidation curves for these two 
sanples are presented on Figure 3. The curves are S- shaped Indicating 
sensitive soils prone to large settlements if the preconsolldatlon 
pressure Is exceeded, a ' values of - 55 and — 80 kPa are indicated by the 
curves. The shallow sample displays a maximum Cg value of 0.76 compared 
to 0.62 for that from 11.5 m. 

The Site #19 sample was also a silty clay having a water content of 
48% which is almost the same as Its liquid limit value of 491. Although 
the clay came from only 3.3 m depth, the consolidation curve shown on 
Figure 4 indicates a a ' value of - 214 kPa, This Indicates that this 
sample is overconsolidated probably by erosion of overlying sediments as 



y.;^-^^; ■ft-'p.wpis''- *f3SP5:2^»TC< r-^-i^- w'^ .- y- f&;;.jr , : ■ 



discussed in Section 2.0. The &p* lvalue plots very close to Point K of 
Crawford and Eden CFigure 2) . This clay is also very coiipressible If 
consolidated beyond a^' as indicated by a maximum Gg value of 0.if , 

The Site #E sample from the grounds of the National Research Council 
was a highly fissured, blocky weathered greyish clay from 1.14 m depth, 
having a water content of only 351. The corresponding liquid limit for 
this sample was 70%, a high value suggesting the presence of swelling 
clays. The consolidation curve presented on Figure 4b, for a specimen 
from 1,26 ■ depth, is a very broad flat curve characteristic of 
overconsolidated clay which in this case was probably caused primarily by 
iiear surface desiccation. This clay is not particularly coapressible 
having a Cg of . 36 which is about half that of the other three samples . 

3.1.2 Mineraloglcal Character istics 

As shown by the powder patterns on Figure 5 (and simmarized in 
Table 2), all four samples contain abundant quartz, moderate to abundant 
feldspar and moderate amounts of illite. Carbonate comprises 3 to 7.5% 
of the Site #10 and Site #19 samples but appears to have been leached out 
of the Site #E sample. Chlorite seems present in moderate amounts in the 
Site #10 samples, in trace amounts in the Site #19 sample and completely 
absent from the Site #E sample. Swelling clays are usually present in 
spall amounts in Leda clay as confirmed by minor to trace amounts in the 
samples from Sites #10 and #19, The Site #E sample, however, contained 
abundant swelling clay, probably produced in part by oxidation weathering 
of original chlorite normally found in Leda clay. 

The above four sets of powder traces were obtained on specimens taken 
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from Shelby tubes close to the actuml test specimens (Appendix I) , 
Because of soil stratification and lamination, which are indicated by the 
large variations in water content (Figure I -10), sllty layers and very 
high water content clay layers are found in close vertical proximity. 
Therefore, additional test specimens were taken very close to the k-test 
samples and oriented by high pressure squeezing to study their mineralogy. 
Pressure orientation enhances the clay peaks by orienting the plate-shaped 
clay partleles perpendicular to the direction of stress application. The 
x-ray traces obtained on the water -wet specliiens are shown on Figure 6. 

The four traces on Figure 6 Indicate very different types of Leda 
clay. The upper trace for Sa |10-3-WOF represents a silty specimen with 
abundant amphibole and rather poorly defined clay peaks . The second trace 
is typical of the two clayey test soils from Sa #10-3-IIOF and #10-2-¥OE 
actually subjected to leachate permeation. The trace shows strong 
chlorite and lllite peaks which are tj^ical of Leda clay. The third trace 
for Sa #19-1-3 (also clayey) shows the presence of lllite and chlorite 
plus a significant amount of smectite identified by the 1.58, 1.88 and 
2.26 tffli peaks. Finally, the bottom trace for the Site #E clayey weathered 
surface soil shows the presence of abundant smectite (1.52 nm) , abundant 
Interlayered illite/smectite (I/S peak at 1.24 nm) , abundant lllite and 
very little chlorite. 

From a clay/leachate compatibility point of view, the smectite and 
interlayered illite/smectite are the most Important since they are subject 
to c-axls contraction due to K"*^ fixation if their charge deficiency is 
close to that of vermicullte (I.e. approximately -0.6/unit cell of 
10 oxygens). This aspect of the project Is discussed further In the 
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sectloii on post- testing sample assessmeiit. 

Detailed nineralogieal analyses including nymerous x-ray traces are 
presented in Appendix I whicli was prepared as part of the saMple selection 
proeeis and submitted as Progress Report #2. 

S.1.3 ^eiileal Characteristics 

Selected ehemical analyses performed on the four test samples are 
presented in Table 2 . The chemical analyses were performed on pore water 
squeezed from the clays at 10 MPa. 

The results show Sa #10 -2 -WOE to have a moderately high salt content 
of 6,500 mg/L compared to Sa #19-1-3 which has a very low value of 
300 mg/L. The other two samples have values of 1,400 and 1,500 mg/L. 
The four test soils, therefore, exhibit a fairly wide range of porewater 
salt contents, another reason for their selection. 

Cation analyses performed on the pore fluids were used to calculate 
the pefcentage of adsorbed Ha* on the clays as expressed by the sodium 
adsorption ratio (SAR) values. The data indicate that the most saline 
clay (Sa #10 -2 -WOE) should have - 13| of its exchange sites occupied by 
Na* compared to much lower values of 1 to 7 for the other clays. 

Three of the soils are slightly alkaline (pH - 8.1 to 8,2). The 
weathered, carbonate -free soil (Site #E) yielded neutral pore water 
(pH - 7,0). 

The results of combined KCi/silver thiourea exchange of the four clays 
are presented on Table 5, The sum of the adsorbed cations (total cations 
less porewater cations) yields an approximate value of the cation exchange 
capacity (CEC) provided unmeasured species are not present on the clays. 
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Based on these aiialyses, the four natural test soils have CIC values 
ranging from 14 to 31.8 meq/100 g. The highest value for Sa #E-NRC seens 
compatible with the presence of smectite previously descrlbecl. The 
relative size of these CEG values is discussed further in the section on 
post- testing assessment (Section 5.3,3), 

The distribution of adsorbed cations (Table 5) was used to calculate 
the exchangeable sodiiMi percentage (ESP) values. The results suggest that 
Sa #10-2>W0E has Na* adsorbed on 431 of Its exchange sites compared to 
lower values of 6 to 201 for the other clays. This makes sense since this 
clay was the most saline as indicated in Table 2. 

Normally the SAR and ESP values are very similar to one another. Ill 
this set of tests, however, the ESP values are considerably higher than 
the corresponding SAR values. We have not attempted to resolve this 
chemical problem although we have noted on other projects that some soil 
illltes tend to lose sodium during washing with KQi and silver thiourea 
solutions , 

3.1.4 Biscusslon 

Based on the above discussion, it is clear that the four test soils 
not only emphasize candidate Site #10 (two samples) but also represent a 
wide variety of soil conditions under which Leda clay exists. The range 

of properties and characteristics of the four test soils are siunmarized 
as follows: 

1. Preconsolldation from - 55 kPa to > 200 kP«. 

2. Weathered and unweathered. 

3. Abundant swelling clay to minor swelling clay. 
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4. Hlgli water content (67%) to low water content (35%). 

5. Low to bigh liquid limits (49 to 70%). 

6. Moderately saline (6.5 g/L) t© leached (0.3 g/L) . 

7. SASL from ~ 1 to - 23 (meq/L)*, 

8. CiC from 14 to 31.8 meq/100 g. 

The requirement that four "typical" Leda clays be studied has been 
satisfied. 

3,2 Pe scrip tion of Test Leachate 

The test leachate was collected from the Westiiinster Landfill site on 
April 5, 1988 and divided into two portions; one for laboratory storage 
at room temperature and use in the hydraulic conductivity testing program 
and the other for storage and study at 10°C. 

The composition of the leachate iimedlately prior to the first 
permeation run Is presented in the second coluan in Table 3. Sodium and 
its chloride pair are the Bost abundant measured species (647 and 
1323 ng/L) along with significant amounts of potassium, calcium and 
nagneslum (372, 247 and 280 mg/L) , Potassium is a very Important 
constituent since the mineralogical studies Indicated that a vermlculitic 
component in the Leda clays is subject to c-axis contraction caused by K* 
fixation* 

Another important apecles is ammonium (NH^*) which was not measured. 
Very recent diffusion studies using leachate indicated that NH^* also fixes 
on vermlcullte and is present In the Westminster leachate at levels 
somewhat higher than the K* (Barone, Yanful, Qulgley and Rowe, 1989). 

Fresh leachate is norBally slightly acidic due to the presence of 
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organic acids early In the life of the landfill. The test leachate had 
a pH of 6.9. 

The cheiiical stability of leaehate is believed to be controlled by 
bacterial activity which causeB Ca'*^ to precipitate as CaOOg and We^ to 
precipitate as FeS2 forming black slimy floes (Yanful, Fernandez and 
Quigley, 1987). This created some interesting cheinlcal measurement 
problems for both the influent leachate and the effluent, especially with 
respect to Ca'*^ which demonstrated a lot of scatter until It was discovered 
that CaCOa was also precipitating In the effluent collection bottles. 
These factors are described more fully in the Results section and in 
Appendix II. 

At the end of Test Run #3 and the final run (either #4 or #5) the 
composition of the leachate in the permeameter cells above the soil 
samples was checked for comparison to the initial bottle value and these 
data are also presented in Table 3. Generally speaking, the final 
reservoir leachate was fairly similar to the initial "bottle" leachate, 
except for tht significant and eicpected decreases in calcium and iron. 

4.0 IfflTHOPS 

4.1 Hydraulic Conductlvl^ 

Computer- controlled hydraulic eonductivity equipment described briefly 
by Fernandez and Quigley (1985) was used for the testing. The influent 
liquids are forced at constant rate, q, through ~ 2 cm thick undisturbed 
soil samples inserted Into fixed ring permeameters , 5.4 cm in diameter. 
The pressure head at the inlet side of the sample is measured by pressure 
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transducer and k Is calculated using Darcy's Law [q - Q/t - 

The permeameters were assembled with an internal spring loading system 
which applied a steady state effective stress of 40 kPa to the four 
samples . This low stress was necessary to avoid consolidation of the very 
soft samples from Site #10 which had preeonsolidation pressures of only 
55 and 80 kPa. 

The flow rate selected for permeation was normally 15 to 20 x 
10"^ mh/m. This low rate created small maximum drag forces (Jg^) at the 
base of the 2 cm thick samples to minimize seepage -induced coiisolidatlon. 
Most of the settlement which did occur can, therefore, be explained by 
chemical nodlfications to the strength of the soil. 

A thin steel rod sitting on the top stone above the test specimen 
extends through the cell cap to a dial gauge which monitors settlement. 
Settlement first occurs as a result of static loading (40 kPa) , then as 
a result of drag forces during seepage. Both were monitored and presented 
as part of the k test results. 

The influent reservoirs (actually steel cylinders with motor-driven 
pistons) bold about 70 cc of pemeant representing about 2 to 3 pore 
volumes, depending on the void ratio of the test specimen. Once the 
reservoir cylinders become empty, q is stopped and the cylinders are 
refilled with leachate. 4t the end of run #3, the fluid above the porous 
itone in the permeameter cell was also s3rphoned out without removal of the 
spring- induced effective stresses and more Influent was added from the 
source bottle of stock leachate. This "permeameter leachate" was 
chemically analyzed as discussed in Section 3.2. 

Three of the cells were filled with Leda clay from Shelby tubes by 
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trimmlng the extruded samples to a iiiameter 2 nm greater than that of the 
cell (56 compared to 54 mm), then pushing them into the cells through a 
cutting shoe slightly larger than the cell, A T- shaped cutting edge was 
used to trim the top of the sanples to a thickness of 20 mm before a disk 
of filter paper and the top stainless steel porous stone were placed on 
the sample. The three undisturbed Leda clay samples are considered to 
have been almost saturated at the start of testing. 

The very stiff Leda clay from near surface at Site #E (KEC) contained 
so many open fissures that fracture flow caused very high k values. This 
sample was very thoroughly remolded (slurried) and compacted Into the 
permeameter using a 12.5 cm diameter rod (Harvard miniature compaction 
rod) . This sample was considered very important because of its high 
smectite content, apparently produced by oxidation weathering. 

In addition to permeation by leachate, one run was Bade on the four 
samples using 0.01 N CaSO^ as the permeant (Standard ASTM water) to 
establish reference permeability values for comparison to those calculated 
from the consolidation tests and those measured with leachate. 

4,2 Influent and Effluent Chemlsti^ 

The eatlon chemistry of the effluent liquids was established by atomic 
absorption spectronetry about every 0.5 to 1.0 pore volumes on samples of 
3 to 6 mL which were normally diluted by a factor of 2 for iron and up to 
500 for sodium. Chloride and pH were measured by specific Ion electrodes. 

The chemistry of the Influent liquid was checked twice during the test 
period. In addition, the chemical stability of the leachate stock was 
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assessed by contlnous monitoring of pH, Ca and Fe In 23 bottles stored at 
room temperature for about 60 days. This was done to help explain some 
of the scatter in the chemical test results. 

4.3 Post-Testing Sample Assessment 

Upon completion of leachate permeation, each sample was extruded and 
visually inspected. Photographs were taken if important visual evidence 
of alteration was observed. 

X-ray diffraction analyses were carried out on pressed pellets of wet 
soil extracted from the top, middle and bottom of each 20 mm thick sample. 
Pressure orientation of the plate -shaped clay particles by consolidation 
at 140 MPa resulted in strong x-ray peaks. By comparing the traces for 
the leachate-permeated soil with natural soil, it was possible to observe 
any K fixation and e-axls contraction of vermiculite that might have 
occurred . 

The effects of K* fixation on the x-ray traces looked so important 
that special tests were run on the soils before and after permeation to 
measure both the adsorbed cations and the cation exchange capacity. The 
method employed was a combination of KCi exchange and silver thiourea 
exchange, the latter being the method of Chabbra (1975). 
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5.0 RISULTS * 

5.1 Hydrau-llc Coiidiietliri^ 

The hydratilic cotiductlvlty testing was eonducted. in two phaseg* 
1) referenoe k testing using influent water; and 2) leachate 
compatibility k testing using influent leachate. The two phases of 
testing are described separately. 

5.1.1 Reference k Testing with Water 

The results of the reference k testing, using 0.01 N CaSO^ in 
distilled water as the permeant, are presented on Figures 7 to 11, 
inclusive. Each figure includes separate plots of hydraulic conductivity 
and settlement vs pore volumes of influent passed through the sample. 
[1,0 pore volume represents the water- filled void space within a test 
specimen. ] This kind of reference water Is genarally accepted as fairly 
representative of fresh or non- saline ground water and Is commonly used 
for research testing. Tap water, distilled water and 0,005 N CaSD4 are 
also occasionally used. 

Sa #lO-3-W0F: For this sample, a reference final k (kf) of 1.95 x 
10"^ cm/s was obtained for the faster flow rate of 44.5 x 10"^ mL/s and 
final gradient of ~ 100 (Figure 7). The maximum stress at the base of the 
samples was 60 kPa corresponding to tJia sum of a^* - 40 kPa and Jg^^ " 
20 kPa. 

The initial settlement due to static loading was 0.396 mm (2.0% of the 
original thickness, Thg) followed by another 0.248 mi of seepage settlement 
(1,2Z of Thp) . A somewhat higher k of 3.5 x 10"^ cm/s was obtained at the 
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ilowef flow rate (8.9 x 10"^ mL/s) whicli produced 1 » 10 and very small J„^ 
of 2 kFa, This sample was tested at stresses very close to or slightly 
above the measured 0^* of 55 kPa, hence the large settlemeiit. 

Sa #10-2-¥0E: This sample yielded a ^ - 6.4 x 10'® cm/s at 1^ s 300 
and maxlmua static plus seepage stresses of 100 kPa (Figure 8) . The 
higher J^^^ value (60 kPa) relates to the lower k of this soil (compared 
to #10-3-IIOF) which causes greater seepage stresses at constant q. 

The total static and seepage settlement amounted to about 1.306 nm 
which represents about 6% of Thg. This soft clay specimen was also tested 
close to or slightly above its measured &* value of 80 kPa, hence the 
large percentage settlement. 

Sa #19-1-3: The reference kj for this sample was 1.8 x 10"^ cm/s at 
if ■« 110 and maximum static plus seepage stresses of 61 kPa (Figure 9) . 
The low J^^ for this sample (21 kPa) relates to its relatively high k. 

Total static plus seepage settlements amounted to 0.199 mm which 
corresponds to only 1.0% of Th^. This clay was tested at maximum stresses 
much less than its naasured a * value of 214 kPa, hence the very small 
ae ttlement . 

Sa #1-1RC: The initial k test run on an undisturbed sample of this 
highly fissured clay yielded k values > 10'* cm/s at heads and gradients 
too low to be measured accurately. Application of &^* > 320 kPa was 
insufficient to close the fractures and significantly reduce the values 
of k. Two additional samples ware therefore prepared, one s^iple (Figure 
10) by compaction of the soil chunks in the permeability cell using a 
Harvard Miniature 12,5 mn diameter rod, and the other by conpaction after 
slurrying it in a mortar and pestle. In both cases the water content was 
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Initially close to 351, 

The partially remoulded specimen (Figure 10) yielded a kf value of 
4.8 X 10~^ cm/s which is quite high considering its high smectite content 
and relatively low water content of 34.7%. This high k is believed to 
reflect residual fractures still present in the compacted soil. The 
presence of fractures also explains the low Ij of 15 and J,nMi ®f only 
3 kFa. After seating the static cr^' of 40 kFa on the saBple it actually 
swelled 0.067 nim by drawing moisture from the upper porous stone. 
Subsequent seepage with reference water caused an additional swelling of 
0.027 mm. 

Coiiplete remoulding of the soil prior to conpaction (Figure 11) 
eliminated the residual fractures as evidenced by the low values of k 
(6.05 X 10"® cm/s), a much higher gradient (435) and a higher J^g^j of 
85 kPa. The sample compressed 0.304 mni due to the 40 kPa of static 
loading applied, luring seepage an additional settleBent of 0,211 mm took 
place, the total settlement corresponding to 2.58% of the original 
thickness* 

Dlscussioii^ The maximum effective stresses acting at the base of the 
two Site #10 samples (60 and 100 kPa) were above the preconsolidatlon 
pressures of the samples . Considerable settlement therefore occurred 
during seepage at flow rates of 44 x 10"^ mL/s. On the basis of these 
tests It was decided to mie influent flow rates below 20 x 10'^ mL/s for 
the compatibility k tests with leachate, 

5.1.2 Gompatlbilll^ k Testing with Leachate 

The results of the leachate compatibility k testing are presented on 
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|uras 12 to 15 Inclusive. Three of the tests (Figures 12, 13 and 14) 
were run In two steps with a 10-day no- flow period between them. The 
purpose was to allow the test on sntectitic Sa #E-liRC to catch up and to 
assess any creep effects In the Site #10 sanples which would be loaded up 
to or beyond cTp' if a landfill is built. All tests were terminated after 
the samples had reached equlllbriun with the influent K* which was the most 
significant species retarded by the clays. 

It should be noted that reference k values using water were not 
obtained on these samples since in some cases this would have dramatically 
altered the porewater ehemistry before leachate permeation. This would 
then not be representative of the field conditions on exposure to 
leachate. 

Sa #10-3-WOF: The first permeation interval in this test yielded a 
kj - 1.05 X 10"^ cm/s at if « 80 and J„^ ^ 15 kPa (Figure 12). At this 
point - 6.7 P.V. had passed through over a time interval of 15 days. 
Puring the latter half of this period of permeation there was no further 
consolidation of the sample even though k was decreasing very slightly 
with time. The seepage settlement was only 0.13 mm or 0.7Z of Thg. 

The effective stresses at the base of the test specimen aiiounted to 
- 55 kPa which is the estimated a^* for this sample (see Figure 3a). 
During the 10-day resting period, the bonded structure of this sensitive 
clay appears to have been weakened and re-establishing the flow caused a 
substantial amount of additional settlement (0.589 mm - 2.9% of Th^) . This 
deerease in void ratio caused a substantial decrease in k to a final value 
of 2.5 X 10*® cm/s at if ^ 260 and J„^ ^ 50 kPa. 

Sa #10-2-WOE: This test was run at a maximum basal effeetive stress 
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of 70 kPa which was sufficiently low compared to 0^^' - 80 kPa tliat 
consolidation did not significantly Influence the hydraulic conductivity, 
k 1e£ value of 4.3 x 10"* cm/s was measured at ig ^ 150 and J^^ s 30 kPa 
(Figure 13) . 

The fairly large static settlement (0.933 mn) appears to have resulted 
from sample disturhance and Is unavoidable to a certain extent in tests 
on sensitive clays, fhe subsequent seepage settlement was 0.342 mm and 
was continuing at a very small rate when the test was terminated. 

Sa #19-1-3: This test was run with maximum basal stresses of 
- 75 kPa which was well below the a^' of 214 kPa. Stress -Induced 
settlement should therefore not have been a problem at this site. The 
very small static settlement of 0.033 mm (0.17% of Tho) seeBS to conflm 
this (Figure 14) . Permeation by the leachate caused a steady long-term 
settlement which had reached 0.073 mn (0.37Z of Thj,) when the test was 
terminated. It appears that the leachate must be responsible for this 
creep consolidation because the reference k test with water did not creep 
at approximately the sane stress level. 

The end of testing kj was 3,9 x 10"® cra/s at Ij ^ 165 and J„,^ m 
35 kPa. The hydraulic conductivity was still slowly decreasing In 
response to the creep consolidation even though the sample appeared to be 
in chemical equilibrium with the leachate. 

Sa fl-NRC* This sample yielded a nearly constant k throughout the 
testing time of 45 days or 9 P.V. (Figure 15). The final kf was 3.6 x 
10'* cm/s at if ^ 730 and J^^ ^ 140, 

Although the static settlement of this compacted sample was a modest 
0.138 mm, considerable seepage settlement occurred (0.339 mm) and was 
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continuing when the test was termiiiated . In the three other tests, k was 
iecreasliig slightly in response to the eontlmuous decrease in "void ratio. 
In this snee title clay, 1% was essentially constant in spite of the slowly 
decreasing void ratio. 

Biscussion: A comparison of the "kg values obtained with water and 
leachate is presented in the following tabulation and on Figure 16. 



Saaple 
No, 



Water 



l,eachate 



10-3-WOF 


19.5 X 


10"® 


1.484 


10 -2 -WOE 


6.4 X 


10"® 


1.723 


19-1-3 


18.0 X 


10"® 


1.369 


E-MEG 


0.61 X 


10"® 


0.978 



2.5 X 10"® 


1.187 


4,3 X 10"® 


1.544 


3.9 X 10"® 


1.397 


0.36 X IO"® 


0.966 



On Figure 16 it seems clear that there are two distinct trend lines 
for high void ratio Leda clays; a lower k trend line for leachate and a 
higher k trend line for water. Bearing in mind that all data points on 
Figure 16 started at somewhat different Initial void ratios, the arrows 
still strongly suggest that leachate permeation induces creep 
consolidation and a reduction in void ratio if the tests are run at 
effective stresses close to a^' or on renoulded clay. The single test run 
at stresses well below 0^' (Sa #19-1-3) demonstrated only slight creep 
consolidation but still terminated with a lower kj on the leachate trend 
line* 
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The explanation for the two trend lines and the tendeney for creep 
seems related to chemical changes discussed next. 

5.2 Iiiflueiit mid Effluent Ghenlstry 

Curves showing the variation In effluent pH, ehloride, iron, godium, 
potassium, calcium and magnesium with pore volumes passed through are 
presented on Figures 17 to 24, Inclusive. On all plots, the initial soil 
porewater concentration of the species under consideration is presented 
as a horizontal dashed line. The "bottle" value, narked with a single 
asterisk, represents the composition of the "new" permeant at recharge. 
The reservoir value, narked with a dotible asterisk, represents the last 
of the influent leachate directly above the sample In the peraeameter at 
the end of run §3 and the final run. 

Sa #10-3-¥0F (Figures 17 and 18): The effluent pH values quickly 
dropped from 8.1 for the pore water to about 7.4 for the first 6 P.V. of 
leachate flow, the leachate having a pH of - 6.9. After this, the 
effluent pH was about 8.1 despite leachate values of 7.1 to 7.3. 

Since the leachate chloride concentration of 1323 ng/L is much higher 
than that of the resident pore water (634 mg/L) the effluent values 
quickly rose to - 1250 mg/L terminating at a value of 1145 mg/L, identical 
to the influent leachate in the permeameter. Arrival of almost full 
eoncentration occurred within 0.5 P.V. followed by a slow Increase in 
concentration (tailing) . 

Iron concentrations in the effluent are very low (< 2 mg/L) in 
comparison to the initial "bottle" values of 66 and 25 mg/L, The decrease 
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in the "bottle" value reflects the formation of iron- rich carbonate 
precipitate described in Section 3.2 and Appendix II, The drop to 5 or 
6 ing/L In the reservoir which is in contact with the porous stone above 
the clay probably reflects the alkalinity of the clay. 

The effluent Na* concentration values shown on Figure 18 reflect 
rapid arrival of Na* to influent values of - 600 mg/L within 0,5 P.V. The 
soil itself has Na* values of only 285 mg/L so considerable Na* was added 
to the soil pore water. 

Potassium which is present at only 15 mg/L in the soil pore water ii 
strongly retarded by the clay as shown on Figure 18. Effluent K* values 
reach reservoir values (- 270 mg/L) after about 6 or 7 P.V. 

Calcium values for the effluent show an Initial increase from a 
porewater value of 34 mg/L to an Influent value of 240 mg/L at only 
1.1 P.V. of flow. Following this, the effluent values drop rapidly to a 
steady concentration of about 100 mg/L which corresponds to the reservoir 
value. The drop in effluent concentration reflects the time dependent 
drop in Ca in the Influent reservoir and bottle samples due to 
"biological" precipitation. 

The effluent magnesium curve Is interesting since the effluent values 
exceed the influent values between 0.6 and 2.6 P.V. This is probably Mg** 
adsorbed on the clay being displaced by Na*, K* and Ca** from the leachate 
(see Table 5) . Influent and effluent concentrations are in equillbriuij 
at the end of testing at 285 mg/L which is far above the porewater value 
of 61 ag/L. 

In summary, all species in the Influent are more abundant than in 
the original pore water. All species appear to have reached equilibrium 
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within 3 or 4 P.V. except K* which li retarded for about 6 P.¥, Mg** Is 
the only species which appears to display a halo effect due to cation 
exchange . 

§a #10-2-1101 (Figures 19 and 20) l This saline sample Is fuite 
different froii the previous sample, having Ci' and Ma* porewater 
concentrations in excess of the leachate values. 

The pH trends are the same as for Sa #10-3-¥OF although the final 
effluent values seem to be having difficulty reaching the porewater value 
of 8.1. 

The effluent Ci" dropped rapidly from initial porewater values of 
3555 mg/L to values of - 1200 mg/L withiii 2 P.V. at which level they were 
comparable to the reservoir leachate . 

The effluent iron behaved exactly as in the previous sample, with 
little evidence of any passing through the sample. 

The Na* curve (Figure 20) looks similar to the Ci" curve (Figure 19) 
except that Ma* appears to have taken up to 4 P.¥. to reach equillbriuffi 
rather than the 2 P.V. for Ci"* 

K* is again retarded for about 6 or 7 P.V. before reaching equilibriun 
with the Influent at - 275 ng/L. 

The Ca** data points display much scatter and are difficult to 
interpret. All effluent values are below the corresponding influent 
values. It Is suggested that this Is a reflection of CaCOg precipitation 
in the effluent bottles near the end of permeation and not a reflection 
of non-equlllbrlua with the influent. 

The effluent Mg** again displays a slight halo effect since the 
concentrations from 2 to 3 P.V. (- 320 mg/L) exceed the influent values 
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of ~ 290 mg/L. 

In sunmaiy, Na'^ and Ci~ values In the leaehate are less than the 
porewater values for this clay resulting in flushing from the saaples. 
K*, Ca''^ and Mg**, on the other hand, were added to the bulk samples, 
fhe resulting oatlon exchange should be reflected in the post- testing 
assessnent. 

Sa #19-1-3 (Figures 21 and 22): This low salinity sample had 
porewater concentrations of all species far below the influent leaehate 
values. In all cases, esccept Iron, these species were added to the test 
sample . 

The pH and total Fe curves were as previously described. 

The Ci~ effluent seemed to reach final influent reservoir 
concentratiorii (1145 mg/L) after 3 P.V. but never did reach the "bottle" 
values . The corresponding effluent Ha* values reached a final reservoir 
value of - 600 iig/L after about 6 P.V. indicating some retardation 
relative to €J"' 

The K* curve suggests retardation for - 9.5 P.¥. at which point K* 
reaches the final mfluent reservoir value of - 330 mg/L. This Is 
significantly more retardation than that displayed by Sa #10-3-WOF and 
#10 -2 -WOE which required 6 to 7 P.V. of leaehate flow. 

The Ga** effluent reaches concentrations above the Influent value in 
less than 0.5 P.V. This indicates rapid Ca** desorptlon from this clay 
(I.e. a Ca** halo). 

The Mg'^ effluent reaches influent values of - 300 mg/L within 
1.0 P.V. and for this clay displays no halo effect. Early arrival of Mg** 
]q - 0.5 at - 0.2 P.V.) may indicate desorbed Mg** rather than 
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macropora flow sine© C/Gg - 0.5 for €£' seems to have arrived at 0.4 P.V. 
or so. 

In summary, this low salt soil displays a clear Ca^ halo and early 
arrival of Mg'^ apparently due to cation exchange by K* and Na* both of 
which are retarded. Iron did not pass through the saaple in significant 
amounts . 

Sa #E-liE€ (Figures 23 and 24) i This weathered, low salt clay contains 
abundant K* collapsible vermiculite and should display the most retardation 
and most pronounced halo effects of the four samples . 

The effluent pH values fall within the range of Influent reservoir 
and ••bottle" values, which would be expected due to the similar pH values 
of leachate and soil (6.9 to 7.2) . 

As before, iron did not pass through the saBple in measurable amounts. 

The effluent chloride values reached influent values within 1.0 P.¥. 
at 1323 mg/L which is not far below the chlorinity of the natural pore 
water . 

Na* appears to have reached Influent reservoir values within a couple 
of P.¥. due to a drop in reservoir concentration from 647 ng/L (bottle) 
to 530 mg/L (reservoir). This drop may be measurement error or diffusion 
related , 

K* is highly retarded and for 2 P.V. was measured in the effluent at 
very low porewater values of 15 mg/L. At 9.5 P.¥. the effluent concentra- 
tion of - 270 mg/L had almost reached the reservoir value of 292 mg/L. 

Mg** also displays retardation to 9.5 P.¥. before the effluent reached 
the reservoir value of ~ 300 mg/L. This is a large amount of retardation 
and probably reflects the affinity of soil vermiculite for Mg"^ over the 
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Ca** adsorbad on the clays . 

The Ca"*^ effluent curve (Figure 24) displays a large halo eaused by 
the adsorption of K''" and Mg** noted above. Because of the normally 
unstable and decreasing Ca**^ in the Influent, the size of the halo is 
difficult to define, nevertheless, an area representing an approximate 
amount of displaced Ca"*^ Is shown hatched on this particular figure. 

In summary, this clay significantly retarded and adsorbed both Mg"*"^ 
and K* which displaced Ca'"" producing a large calclym halo. Ila* seems not 
to have been retarded but was added to the pore water by permeation. The 
regime of adsorbed cations before and after permeation (Table 5) confims 
that a large amount of Ca** was displaced as discussed later. 

Discussion: The effluent concentration curves discussed for each 
soil all indicate final concentrations close to reservoir Influent 
concentrations and hence equilibrium of the soil with the leachate flowing 
through it. 

Potassiym was the most strongly retarded species requiring about 
6 P.V. of flow for the two Site #10 sanples and about 9.5 to 10 P.V. for 
the Site #19 and #E samples. 

Several very low Ca** values are shown on some of the effluent curves. 
Acidification of some of the excess effluent at the end of the k test 
program resulted in much higher values which plotted back onto trend lines 
near the influent reservoir eoncentrations . This indicates that 
precipitation of Ca** in the form of CaCOa was probably the problem, 
resulting in erroneously low values. The activity of bacteria within the 
effluent bottles is a probable explanation. 

Adsorption of K"^ by all samples and adsorption of Mg** by Sa #E-NRC 
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results In desorptlon of other species. This desorption, if intense 
enough j creates a hump on the effluent curves which Is the equivalent of 
a halo. Sa #10-3-IIOF showed a Mg** halo* Sa #10-2-WOE showed a slight Mg+* 
halo and a prolonged Na* removal* Sa #19-1-3 showed a strong Ca** halo* and 
Sa #E-NRG showed a very strong Ca"*^ halo. 

Some of these trends are clearly reflected in the post-testing 
as se ssment chemistry , 

5.3 Fost-Testing Sample Assessment 

S.3.1 Visual Assessment 

When leachate pernieation was complete, the four cells were dismantled 
and the samples observed for evidence of chemical or physical change. 

All four clays were observed to be uniformly grey with no evidence 
of discoloration or cracking. One feature that was very obvious, however, 
was an accumulation of black slliie (precipitate) in the permeameter cells 
above the samples. A colour photograph for Sa #19-1-3, which Is typical 
©f what was seen above all four samples , is shown, on Figure 25 , 

from left to ri^t in the photo, the reader may observe: 1) the 
black, slime coated, two- spring loading system; 2) the top stone; 3) the 
top of the clay sample, and 4) the clean bottom stone. The sllne 
obviously passed through the top stone onto the filter paper but did not 
rnxoBB the soil Interface according to the visual observations . 

Previous studies have confirmed that this black material is amorphous 
ferrous sulphide which precipitates along with calcite as a result of 
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baeterial reduction of both Iron snd sulphate 



5.3.2 X-raj Assessment of ¥^ Fljcatloii 

Leaehate saturated samples were prepared for x-ray dlffraetlon by 
high pressure squeezing as deserlbed In the Methods section. Specimens 
were taken from near the top, middle and bottom of the samples once 
perBeation was completed and the leachate-wet surface subjected to jc-ray 
diffraction. 

Two sets of x-rays are shown on Figures 26 and 27 comparing the 
natiiral water -wet clay specimens with leachate permeated and equilibrated 
clay specimens from Samples #10-3 -WOF and #E-NRC. Reference to Figure 26 
Indicates that leachate has collapsed a portion of the 1.47 nm 
vermlcullte/smeetlte peak of the natural clay. This results from K* 
fixation and c-axis contraction by the vermicullte to produce 1111 te. The 
result is a decrease in the height of the 1.47 nm peak and an increase in 
the height of the 1.0 nm peak. Samples #10 -2 -WOE and #19-1-3 also showed 
this phenomenon, In each case with a residual 1.45 nm chlorite/smectite 
peak , 

Weathered Sa #E-NRC showed a more spectacular collapse than the other 
three samples as shown by the traces on Figure 27. Both the 1.52 and 1.24 
nm peaks are almost completely collapsed by leachate permeation creating 
a very strong 1,0 nm illlte peak. Negligible 0.7 nm chlorite peaks are 
present so the residual 1.52 nm peaks are probably real smectite. 

Arrows next to the 1.4/1.5 and 1.0 nm peaks Indicate the relative 
height of these peaks. The ratio of the 1.45 nm to 1.0 nm peaks in any 
one trace gives an indication of the relative amount of vermiculite and 
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illlte present before and after leachate pernieatloii. Table 4 contains a 
stimmary of the 16 peak height ratios and Figure 28 Illustrates In summary 
form the collapse characteristics of the four soils when permeated with 
leachate . 

Three of the samples contain modest amounts of vermlculite relative 
to illlte (10-3-WOF, 10-2-WOE and 19-1-3) as indicated by "natural" 
1.5 nmil.O nm peak height ratios of 0.3 to 0.4 ( Figure 28). All three 
show some collapse to ratios of 0.13 to 0.20. The weathered vermieulltic 
sample from Site #E-NRC shows a speGtacular collapse from a "natural" 
ratio of 1.1 to very low values of 0,05 to 0.10 after leachate permeation. 
This Indicates very significant K* fixation and possibly major changes In 
CEC . 

5.3.3 Cation Exchange Capaci^ Changes aiid Plscussion 

The amount of collapse observed on the x-ray traces was so significant 
for the wet samples that special tests were run to see if K* fixation had 
actually reduced the CEC vaiues. The results In Table 5 show that this 
has indeed occurred especially for Samples #10- 2 -WOE (-22%) and fE-HRC 
(-45%), Sa #10-3-¥OF and #19-1-3 were less affected although the former 
■registered an apparent 11% increase atid the latter a 13% decrease* 

Reference to the data for #E-NRC indicates that the CEC has decreased 
by 14.3 meq/100 g. Most of this decrease is reflected in the large 
decrease in Ca** from 20.7 to 4.0 meq/100 g. It is this Ca"^ which formed 
the large hump or halo on the Ca** effluent curve (Figure 24) . Fixation 
of adsorbed K* is the cause of the drop In CIC, since It is caught between 
the collapsed silicate sheets. The slight increase in adsorbed K* (4.1 to 
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5.5 maq/lOO g) probably re fleets releas© froin residual smectite, 

Sa #10- 2 -WOE was the saline sample which priginallj contained 
12.0 meq/100 g of adsorbed Na* in the natural state. This dropped ttt 
4.1 meq/lOO g as a result of leachate pemeation with corresponding 
increases in both adsorbed K* and Ga**. This explains the extra time 
('- 4 P.V.) for Na* to reach equilibriuni as observed for the Na* effluent 
curve on Figure 20, 

fhe two small Mg"^ halos for Sa #10-3-WOF and #10-2-¥0E are also 
confirmed by the adsorption data. Both show less Mg** after leachate 
permeation than before it. Sa #19-1-3 also shows less Mg** after 
permeation but no halo effects are visible, larly arrival of Mg''^ shown 
by this effluent curve (Figure 22) may signal exchange. 



i.O DISCUSSION 



Most of the southern Ontario clayey soils studied to date have 
exhibited only modest c-axis contraction and K'*' fixation as a result of 
pemeation with normal domestic leachate, at least in the wet state 
CQulgley et al, 1988). The charge deficiency of the swelling clay 
component seems to be borderline between smectite and vermicullte (-0.5 
to -0.6/unit cell of 10 oxygens). As a result, the swelling clay 
coHapses extensively in the presence of dilute KCJ if air dried but not 
if kept water -wet or leachate -wet as is the case for an operating liner 
O'r natural barrier. 

The significant contraction of the swelling clays found in the four 
Ottawa/Carle ton Leda clay samples seems to be something new, especially 
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the phenoiaenal collapse of the Site #E-NRC sample. This collapse, clearly 
visible OB the x-ray traces, was confimed by special chemical analyses 
which showed a decrease in CEC from 32 to 17*s meq/100 g for the weathered, 
vermleulitic Site #E sample. 

The above discussed K* fixation and collapse phenomena occurred at 
a K* eoncentratlon of only 331 mg/L (0,01 N) in the Westminster leachate. 
This seems to be a fairly normal value for southern Ontario leachate. 
Ammonium (NH^*) is also common in leacbates at concentrations up to 
1000 mg/L. It is about the same size as K* and also serves to collapse 
vermiculite. 

K* and NH4* fixation and c-axis contraction seem, therefore, to be 
phenomena which must be considered for Leda clays In the Ottawa -Carle ton 
region. For most very stiff to hard compacted clays, a trend towards an 
increased k should result if the soils ramaln at constant void ratio. For 
the Ottawa/Carle ton Leda clays, the net result of leachate permeation 
seems to have been a decrease In bond strength between the particles which 
caused creep consolidation In excess of that observed for permeation of 
water. The gradually decreasing void ratio caused a corresponding 
decrease in k, compensating for any physico-chemical factors that night 
nomally cause an increase in k. 

The Influence of leachate saturation on other engineering properties 
of Leda clay such as shear strength and compressibility are beyond the 
scope of this report. 
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7.0 GOHaUOSIOHS 



Four Leda clay saaples of widely varying eompositlon and physical 
propertiss have been permeated with domestic waste leachate to assess 
their mutual conpatlbillty, using hydraulic conductivity, k, as the 
assessment tool. The major conclusions of the study are as follows: 

|» The hydraulic conductivity of all samples decreased as a result of 
leachate permeation. This decrease In k was In spite of K* fixation 
and c-axis contraction of soil vemiculite to illite. 

1« An inferred effect of leachate permeation was an apparent weakening 
of the structure of the Leda clay resulting in continuing creep 
consolidation during seepage not observed for water permeation. This 
creep had not terminated at the end testing as it had for water. The 
effects of saturation of Leda clay by domestic waste leachate on shear 
strength and compressibility remain to be defined. 

3. All samples are believed to have been close to chemical equilibrium 
with the influent leachate since effluent concentrations had reached 
influent values when the tests were tecnlnated. 

4. The decreases In k seem most significant at high void ratios (1.2 
to 1 , 6 ) . 

5. The weathered vermiculltlc Leda clay from Site #E (NRC) also 
demonstrated creep consolidation during leachate permeation, even at 
a relatively low void ratio of 0.98, K* fixation and c-axls 
contraction resulting In a decrease in volume of the solids phase 
probably caused most of this creep during which k remained remarkably 
cons tant . 
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Table 1. Physical Characteristics ©f Test Soils 



Sample 



Iti 



Site #10 



Site #19 Site #E 



3.82 



11.51 



3.29 



1.14 



Borehole No. 



Sample No. 



Elevation 



(m) 



Water content, w (%) 
n 



Liquid limit, v. {%) 



Plastic limit, w (Z) 
' p ^ ^ 

Plasticity index, Ip 



10-3 
WOF 
72.05 

23 
28 



10-2 



64.76 



m 



If.l 


N/A 


i 


!T/A 


66.38 


93.41 


« 


Si 


m 


m 


22 


m 


27 


m. 



Preconsolidation 

Pressure, o' (kPa) 

P 



- 55 



- 80 



- 214 



100-300 



Max . Comp . Index , 

C^(max) 0.76 

Permeability at 

O' - 40 kPa (cm/s) 20x10-^ 



0.62 



0.69 



0.36 



6.4x10-® ISxlO"* ^-"-^ 48x10-8 

^^^ 8 
0,6x10-8 



Notes: 1) Compacted fissured sample 
2) Compacted slurried sample. 



- 35 - 



Table 2, Mltieralogical and Chemical Gharacterlstlcs of Test Soils 



Sample 


Site 


#10 


Site #19 


Site #E 


Iteii 


3.82 m 


11.51 m 


3.29 n 


1,14 m 


Sample Nunber 


10.3-WOF 


10 -2 -WOE 


19-1-3 


E-mc 


Mineralogy : 










Quartz 


Abund 


Abund 


Abund 


Abund . 


Feldspar 


Mod 


Mod 


Mod -Minor 


Abund 


Carbonate (%) 


6.1 


3.0 


7.5 


0.2 


Illlte 


Mod 


Mod 


Mod 


Mod 


Chlorite 


Mod 


Mod 


Tr 


Nil 


Snectlte/Vermiculite 


Tr 


Ir 


Minor 


Abund 


Pore Water: 










pH 


8.1 


8.1 


8.2 


7.0 


Salinity, mg/L 


1,500 


6,500 


300 


1,400 


Na+ » 


285 


1,500 


32 


335 


^ • 


15 


57 


11 


15 


Ca++ 


34 


43 


43 


350 


Mg' ' • 


61 


185 


33 


38 


Chloride 


634 


3,555 


14 


1,859 ? 


SAR (meq/L)^ 


- 7 


- 23 


- 1 


- 5 
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table 3. Chemical Composition of Influent Leachate 







Initial 












Chemical 


Bottle 


End 


of Run Re 


servo ir 


Value (mg/L) 


Specie 


,s 


Value 
(mg/L) 














Run #1 


Run #2 


Run #3 


Run #4 


Run #5 


10-3-WOF 














# P.V. 


(1) 


- 


2.33 


2,30 


2.07 


2.85 


2.28 


pH 




6.9 


NM 


NM 


7.4 


NM 


7.3 


CI 




1323 


NH 


m 


1221 


NM 


1145 


Na 




647 


m 


MM 


560 


;nm 


600 


K 




372 


m 


NH 


240 


!W 


270 


Ca 




247 


m 


m 


135 


NM 


105 


Mg 




280 


NM 


m 


270 


mi 


285 


Fe 




66 


NM 


NM 


5 


m 


i 


10-2-WOl 














# P.V. 




- 


1.97 


2.06 


1.85 


2.41 


1.04 


pH 




6.9 


NM 


NM 


7.7 


NM 


7.1 


CI 




1323 


m 


m 


1381 


m 


1230 


Ha 




647 


mi 


NM 


600 


NM 


§60 


K 




372 


NH 


NM 


224 


NM 


278 


Or 




247 


NM 


NM 


130 


NM 


108 


Mg 




280 


NM 


NM 


245 


m 


300 


Fe 




66 


NM 


NM 


15 


NM 


12 


19-1-3 
















# P.V. 




!«r- 


2.14 


2.22 


2.00 


2.77 


2.20 


pH 




6.9 


NM 


m 


7.4 


NM 


7.8 


Gl 




1323 


Wi ■ 


NM 


1345 


NM 


1145 


Na 




647 


m 


NM, 


520 


mi 


600 


K 




372 


m 


WL 


212 


mi 


330 


Ca 




247 


M 


NM 


160 


m. 


65 


Mg 




280 


NM 


NM 


260 


NM 


290 


Fe 




66 


NK 


m 


6 


NM 


1 


E-NRC 
















# P.V. 




*. 


2.23 


2.48 


2.44 


1.81 


„ 


pH 




6.9 


NM 


7.2 


NM 


7.1 


_ 


CI 




1323 


NM 


1274 


NM 


995 


_, 


Na 




647 


NM 


530 


NM 


635 


_ 


R 




372 


NM 


200 


NM 


292 


. 


Ca 




247 


NM 


270 


NM 


160 


^' 


% 




280 


NM 


240 


NM 


300 


m 


Fe 




66 


NM 


2 


NM 


8 


- 


Note: 


(1) 


Number of 


pore volumes 


; of leachate for 


run indicated. 




(2) 


NM - Not measured. 











I 
I 



I 



m 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Table 4. Peak Height Ratios^ '' of Natural and 



Leachate Penueated Samples 



(2) 
Sa # Natural Top Middle Bottom 



10-3-WOF 0.39 0,16 0,16 0,13 

10- 2 -¥01 0.27 0.19 0.15 0.20 

19.1-3 0.35 0.20 0.14 0.18 

E-NRC 1,10 0.10 0.05 0.05 



Notes: 1) Ratio of 1.5 na to 1.0 rm peak heights on pressure 
oriented, wet, whole soil samples. 

2) Top, middle and bottom refer to location of specimen 
in the 20 eui thick permeameter sample. 



Table 5, Total and Porewater Catioiis; Cation Exchange Capacity 



Sample 



#10-3-¥OF 



#10-2.WOE 



#19-1-3 



#E-NRC 



IPfefBI CD (2> ri'S (2\ 

Natural^ L@actiat# Natural Leaehate Natural^ ' Leachate Natural Leaehate 



Total Cations: 



Na 


(meq/100 g) 


3.41 


3.94 


16.13 


5 . 59 


1.4S 


4.49 


3.60 


4.01 


K 


n 


1.03 


2.91 


2.48 


4.52 


1.48 


4.37 


4.15 


5.76 


Ca 


9 


6.32 


7.64 


6.79 


8.27 


13.19 


8.13 


21.25 


4.24 


Mg 


m 


4.14 


3.57 


8.00 


6.87 


6.92 


5.83 


3.91 


5.65 



Porewater Cations : 
la (meq/lOO g) 

m ■* 

Ca " 



0.56 


1.10 


4.08 


1.52 


0.07 


1.34 


0.38 


0.96 


0.02 


0.25 


0.10 


0.35 


0.01 


0.36 


0.01 


0.24 


0.08 


0.15 


0.13 


0.18 


0.11 


. 16 


0.60 


0.21 


0.23 


0.94 


0.93 


1.33 


0.13 


1.20 


0.11 


0.78 



I 



Adsorbed Cations : 



Ma 


(ineq/100 g) 


2. as 


2.84 


12.05 


4.07 


i.3i 


3.15 


3.22 


3.05 


1 


m 


1.01 


2.66 


2.38 


4.17 


1.47 


4.01 


4.14 


5.52 


Ca 


m 


6.24 


7.49 


6.66 


8.09 


13.08 


7.97 


20.65 


4.03 


Mg 


m 


3.91 


2.63 


7.07 


5.54 


6 . 79 


4.63 


3.80 


4.87 


CIC 


(meq/lOO g) 


14.0 


15.6 


28.2 


21.9 


22.7 


19.8 


31.8 


17.5 


ESF«3) 


(X) 


-••it 


- 18 


- 43 


^ if 


" § 


- 16 


- 10 


- 17 



Motes: (1) Natural cation regime before testing. 

(2) Cation regime after eompletlon of leaehate permeation. 

(3) ESP - exchangeable sodium percentage (I Na adsorbed). 
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FIGURE 1. (a) OTTAWA-CARLETON REGION HAP SHOWING LOCATIONS 
OF NRC STUDY BORINGS (A TO K) AND THE UWO STUDY 
SITES (A); (b) GENERALIZED CROSS-SECTION 

[Adapted from Crawford and Edenj 1965] 
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FIGURE 2. REGIONAL RELATIONSHIPS BETWEEN ELEVATION 

AND PRECONSOLIDATION PRESSURE^ a A 

P 

[Adapted directly from Crawfofd and Eden, 1965] 
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FIGURE 3. CONSOLIDATION CURVES OBTAINED ON TWO TEST SPECIMENS FROM SITE #10 1 
(a) Sa #10"3-WOF AT 3.89 m; (b) Si tHO-Z-mE AT 11.60 m 
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FIGURE 4, CONSOLIDATION CURVES OBTAINED ON TEST SPECIMENS: (a) SITE #19/ 
SAHPLE #19-1-3 AT 3.25 m; (b) SITE #E^ SAMPLE FROM 1.26 m 
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FIGURE 5, X-RAY POWDER PATTERNS OF THE 
FOUR LEDA CLAY TEST SOILS 
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FIGURE 6. X-RAY TRACES OF WATER-WET^ WHOLE SOIL TEST 
SAMPLES. PRESSURE ORIENTED AT 120 kPa 
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FIGURE 7, HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMES; SITE 10^ BH #10- 3^, 3.82 m DEPTH. 
REFERENCE PERMEANT'. 0.01 N CaS04 SOLUTION 
IN WATER 
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FIGURE 8, HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMES; SITE 10^ BH #10-2^ 11.51 m DEPTH, 
REFERENCE PERMEANT: 0.01 N CaS04 SOLUTION 
IN WATER 
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FIGURE 9. HYDRAULIC CONDUCTIVrTY AND SETTLEHENT VS PORE 
VOLUMESj SITE 19, BH #19-1^ 3.29 m DEPTH, 
REFERENCE PERMEANT: 0.01 N CaSO^ SOLUTION 
IN WATER 
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FIGURE 10, HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 

VOLUMES^ NRC SITE (E)^ 1.14 m DEPTH^ COHPACTED, 
REFERENCE PERMEANT; 0.01 N CaS04 SOLUTION 
IN WATER 
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FIGURE 11. 



HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMES. NRC SITE (E). 1.12 m DEPTH. SLURRIED 
AND COMPACTED. REFERENCE PERMEANT: 0.01 N 
CaSO^ SOLUTION IN WATER 
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FIGURE 12, HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMES; SITE 10. BH #10-3^ 3.86 m DEPTH. 
PERMEANT: DOMESTIC WASTE LEACHATE 
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FIGURE 13. HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMES; SITE 10^ BH #10-2. 11.57 m DEPTH, 
PERMEANT: DOMESTIC WASTE LEACHATE 
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FIGURE 14. HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMESj SITE 19/ BH #19-1. 3.10 m DEPTH. 
PERMEANT: DOMESTIC WASTE LEACHATE 
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FIGURE 15. HYDRAULIC CONDUCTIVITY AND SETTLEMENT VS PORE 
VOLUMESJ NRC SITE (E}j 1.12 m DEPTH^ SLURRIED 
AND COMPACTED. PERMEANT^ DOMESTIC WASTE LEACHATE 
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FIGURE 16. SUMMARY PLOT SHOWING EFFECT OF LEACHATE 
PERMEATION ON THE HYDRAULIC CONDUCTIVITY 
OF THE FOUR LEDA TEST CLAYS 
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FIGURE 17, 



EFFLUENT pH. CHLORIDE AND IRON VS PORE 
VOLUMESj site 10> B^H #10-3. 3.86 m DEPTH 
PERMEANT: DOMESTIC WASTE LEACHATE 

Note: CD "Initial Pore Water" Value 
Indicated by dashed line 
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FIGURE 18, 



EFFLUENT SODIUM. POTASSIUM. CALCIUM AND 
MAGNESIUM VS PORE VOLUMES; SITE 10. 
BH #10-3. 3.86 m DEPTH 
PERMEANT: DOMESTIC WASTE LEACHATE 

Note- (1) "Tnitial Pore Water" Value 
indicated by dashed line 
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FIGURE 19. EFFLUENT pH, CHLORIDE AND IRON VS PORE 

VOLUMES; SITE 10/ BH #10-2, 11.57 m DEPTH 
PERMEANT: DOMESTIC WASTE LEACHATE 

Note: (1) "Initial Pore Water" Value 
indicated by dashed line 
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FIGURE 20, EFFLUENT SODIUM, POTASSIUM, CALCIUM AND 
MAGNESIUM VS PORE VOLUMES; SITE 10, 
BH #10-2, 11.57 m DEPTH 
PERMEANTi DOMESTIC WASTE LEACHATi 
Note: (1) "rnitial Pore Water" VaTue 
indicated by dashed line 
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FIGURE 21, 



EFFLUENT pH. CHLORIDE AND IRON VS PORE 
VOLUMES; SITE 19^ BH #19-1. 3.10 m DEPTH 
PERMEANT: DOMESTIC WASTE LEACHATE 

Note: (1) "Initial Pore Water" Value 
indicated by dashed line 
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FIGURE 22 



EFFLUENT SODIUM^ POTASS I UMy CALCIUM AND 
MAGNESIUM VS PORE VOLUMESj SITE 19, 
BH #19-1. 3,10 m DEPTH 
PERMEANT: DOMESTIC WASTE LEACHATE 
Note: (1) "Initial Pore Water" Value 
indicated by dashed line 
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FIGURE 23. 



EFFLUENT pH/ CHLORIDE AND IRON VS PORE 
VOLUMESj NRC site (E)^ 1.12 m DEPTH 
PERHEANTI DOMESTIC WASTE LEACHATE 

Note: (1) "Initial Pore Water" Value 
indicated by dashed line 



»■ i^f ■ i"- ' r*y'^ 



- 62 - 



Sa iE 



1000 



750 



500 



rr 2S0 



- 647* 

r *♦ 570 e 

: o -^ 530 _^ 


336/250 iig/L''' 


1 

1 
■ 
-t 

• 




- 1 -1 -^- 


■ 



10 



15 



J~, 


bUO 


1 ' 1 ^ 














—1 




, 












I 


■^ 
















, 


f 


400 


- 17?* 












J 


i 

'in 


300 


^j,£ 




tj»* 


292**, 




J 


1- 




B. 








o ^ 




< 


^ 




» 




too** 


a' 






, 


1— 


mu 


-• 












„ •■ 


s^ 




» 












• 


LU 




. 












M 


■S3 




. 












m 


_l 




^ 












^ 


bi. 


im 


- 













— 


.|jj 




, 




o 




15/13 mg/l''' 




. 







[^- - 


o 


o 


. 




_, ; 



lb 



600 



100 



200 - 




III I 



350/365 mg/L/' 



.160" 



130 



-■- *- *- -: ■".. 



10 



IS 



400 


r 


T^ 


1- - 1- 


1 1 






300 


-280* 




240-J 




300**. 
a e 

Q G 


- 


200 


- 




e 






^ 






e 


e 






- 


100 


~ a 
I* 








38/48 mg/L*^' 


" 







, 











10 



PORE VOLUMES 



IS 



FIGURE 24, EFFLUENT SODIUM. POTASSIUM CALCIUM AND 

MAGNESIUM VS PORE VOLUMESj NRC SITE {E} j. 
1.12 m DEPTH 

PERMEANTl DOMESTIC WASTE LEACHATE 
iote: (1) "Initial Pore Water" Value 
Indicated by dashed line 
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FIGURE 25. 



DISMANTLED PERMEAMETER CELL USED FOR 
Sa 119-1-3 SHOWING BLACK SLIME ACCUMULATION! 
(1) TWO SPRING LOADING SYSTEM; (2) TOP 
POROUS STONE; (3) SOIL SAMPLE WITH FILTER 
PAPER ON TOP; (4) CLEAN BOTTOM STONE 
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FIGURE 26. X-RAY TRACES OF PRESSURE ORIENTED. WHOLE SOIL SPECIMEN 
OF Sa #10-3-WOF. BEFORE AND AFTER LEACHATE PERMEATION 
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FIGURE 27. X-RAY TRACES OF PRESSURE ORIENTED/ WHOLE SOIL 
SPECIMENS OF Sa #E (NRC) 
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FIGURE 28. SUMMARY PLOT OF 1.5 nm/l.O nm PEAK HEIGHT RATIOS 
SHOWING COLLAPSE CAUSED BY K+ ADSORPTION AND 
FIXATION 



[T, M, B = Top, middle and bottom of 20 mm thick test specfinen ] 
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APPEHDIX I 

liSTING PROGEAM TO SELECT THE 
FOOT fYPICAL LEM CLAY SAMPLES 



1.1 Leda Clay Sampling Locatioiis 

1.2 Laboratory Test Methods 

1 . 3 Results 

1.3.1 Site #10 

1.3.2 Site #19 

1.3.3 Site #E (NEC) 

1.4 Discussion 

1 . 5 Recommendations 

[Most of this AppendiK was submitted as 
Progress Report #2 on January 22, 1988. 
Figures 1 and 2 are Bodified and discussed 
in the main text , ] 






- 68 - 



I.l Leda Clay Saaplliig Locations 

Following extensive discussion with MacLaren Engineers and Mr. R.A. 
Dunn, P.Eng. , our Ministry of the Environment Liaison Officer, three sites 
having different types of Leda clay were selected for study. 

Details concerning the boreholes, sample numibers and elevations of 
available samples from the three sites are presented In Table I-l. A 
brief summary of each group of samples Is presented below: 

iite #10 (Candidate Landfill Site) 

Soil samples from this important site were obtained on July 31, 1987 
by Mr. F. Fernandez who participated in the field Investigations carried 
out by Geocon Inc. A total of seven 3 -inch diameter Shelby tube samples 
(Table 1) were re turned to The University of Western Ontario packed in ice 
for storage In a cold room at 8°C. Most of the samples consisted of soft 
grey Leda with high water contents of 30 to 105%. Till material under- 
lying the clay was collected in a plastic bag and stored with the Shelby 
tubes , 

A suite of disturbed samples obtained by Water and Earth Science 
Associates Ltd. during a preliminary assessment of Site #10 was received 
during the summer of 1987. 

Site #19 (Potential Energy- from-Waste Site) 

Two 3 -inch diameter Shelby tube samples from this site were obtained 
from Geocon Inc. in October 1987. The samples were taken on September 14- 
15, 1987 and were surplus to the testing needs of Geocon Inc. These 
samples consisted of stiff to very stiff grey Leda clay at water contents 
of 49 to 53%. 
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Site JE (National Research Council') 

A single 3 -Inch diameter Shelby tube sample, taken on October 30, 
1987 was sent to Western by Dr. K.T. Law of the Geotechnical Section of 
the Institute for Research in Construction at NRC. The sanple was a 
highly fissured, desiccated, very stiff grey Leda clay at a water content 
of 35 to 401. 

1.2 Laboratory Test Methods 

1 . 2 . 1 Mineralogy 

Semi -quantitative mineraloglcal analyses were carried out on Leda 
clay samples from Sites #10, #19 and #E (liRC) , The investigation included 
the following: 

(a) X-ray powder patterns on whole soil samples to identify the 
bulk mineralogy 

(b) X-ray traces on untreated (natural), oriented < 2 pa fraction: 
water wet, air dried and glycolated 

(c) X-ray traces on K saturated, oriented < 2 |jni fraction* 
water wet, air dried, glycolated and heat treated at 550®C for 
30 minutes. 

1.2.2 Soil and Porewater Chemistry 

The chemical analyses included the determination of cation 
concentrations in solution, carbonate content, pH, salinity and chloride 
content . 

The solution analyses were carried out on pore water squeezed from 
the clay samples at pressures of 10 and 17 MPa. The concentrations of 
la"*", Mg"*^, Ca"^"*" and K* were measured by atomie absorption spectronetry. 
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Porewater salinity was determined by eleGtrlcal conductivity measurements 
using NaCl reference. The chloride content was determined using a 
specific Ion electrode, and the pH of the pore water was measured with a 
pH meter. 

The percentage of carbonate was determined by a gasometric method 
using the Chlttlck apparatus. 

1 .2.3 Index Tests 

Liquid limits, w_ » were determined for all clay samples using the 

Casagrande apparatus (ASTM 423-66). The plastic limits, w , were obtained 

P 

according to the procedure racoBraended by ASTM D424-49. All moisture 
contents, w, were measured by oven drying the soils at a temperature of 
- 110°C for about twenty -four hours. 

1.2.4 Consolidation Tests 

A total of six consolidation testi were run on the Leda clay samples 
using lever type, fixed ring oedometers. The samples from Sites #E (NRC) 
and #19 were tested applying loads in a geometrical progression with a 
load increment ratio, Ap/p - 1 (25, 50, 100, 200, 400, 800 and 1600 kPa) . 
Additional intermediate loading stepa were used for the samples from Site 
#10 to allow for accurate determination of preconsolidation pressures (25, 
37.5, 50, 75, 100, 150, 200, 300, 400, 500, 800 and 1600 kPa) . In all 
cases the loads were maintained for a period of twenty- four hours. 
Preeonsolidation pressures, g ' , were obtained using a Gasagrande 

It 

construction. The values of k corresponding to each load increment were 
determined using Taylor's square root of time method. 
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I . 3 lesul ts 

1.3.1 Site #10 

Mineralogy: 

X-ray powder diffractioii traces of Leda elay gamples from Site #10 
show that the typical mineral© gical components are quartz, feldspar and 
the clay minerals lllite and chlorite. Selected powder patterns are shown 
on Figures 1-3 to 1-5. Some swelling clay mineral phases are also seen to 
be present based on broad peaks at 1,5 to 1.6 nm. 

Diffraction traces obtained on oriented < 2 pm fines of clays from 
Site #10 are shown on Figures 1-6 to 1-8. Near surface at a depth of 
2.34 m (Figure 1-6) the clay components are chlorite and illlte, with a 
significant swelling phase shown by the presence of many low angle peaks, 
and illlt© peaks with low angle side doublets. Potassium saturation 
produced some reduction in abundance of the swelling and interlayered 
phases. Heat treatment produced a strong 1.42 nm chlorite peak and a weak 
0.71 nm peak, implying an iron-rich chlorite phase. A small stable peak 
at 0.85 nm is attributed to an Interlayered clay phase. 

Diffraction traces obtained on natural fines from 4.78 m and 8.38 ■ 
(Figures 1-7 and 1-8) are very similar to those from 2.34 m. 

The carbonate content varied from 21 to 9% (Table 1-2). with more 
calclte generally present than dolomite as shown by the x-ray traces. The 
total carbonate plot on Figure 9 shows that there is a general trend of 
decreasing carbonate content with depth. 

Porewater Chemi s try : 

The geochemical data from boreholes at Site #10 are presented in 
Table 1-3 and plotted on Figure 1-9. The salinity measurements indicate 
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soluble salt concentrations of 0.8 g/L near surface, inereaslng to about 
6.5 g/L at 12 m depth then decreasing to 2.5 g/L at 18.6 m. 

The Most predominant cation in solution is Na"*" followed In decreasing 
order by Mg*^, Ca"'^ and K*. The salt is predominantly sodium chloride as 
indicated by chloride values as high as 3600 mg/L. Figure 1-9 also shows 
that there is more magnesium In solution than Ca^^, except near the 
surface. The Na"*" and CI" profiles are similar to the salinity profile, 
with maximum values near 12 m. depth. This is also true for K"^, Ca"""*" and 
Mg"'^, although these are present in lower concentrations. 

Soditui adsorption ratio (SAR) values calculated using the squeezed 
porewater chemical data show that Ma* would occupy 2% of exchange sites on 
the near surface clays, increasing to 22% at - 12 m depth. The pH of the 
samples range froii 8 to 8.8, which is typical of Leda clay samples. 

Index Tests: 

The natural water content, w , values of the Site #10 samples 
(Table 1-4) are plotted on Figure I -10a. With the dashed boundaries as 
shown, there appears to be a trend of decreasing w with depth from an 
average value of about 72% at surface to about 62% at depth. Within any 
single tube sample, however, there was a tremeiidous variation in water 
content as shown by both Figures I -10a and b. This suggests significant 
changes In soil structure and texture at a scale not visible by eye. 

The Atterberg limit tests (Figure I -11) yielded plastic limits 
varying from 22 to 29Z with an average of about 25%. The liquid limits 
ranged from 60 to 67% with two low values of 51% and 471 at depths of 3.8 
and 18.5 m, suggesting the presence of silty layers. The values of 
liquidity index are all greater than unity suggesting a very sensitive 



tssr^s^r- ■ ,-■•'■■■"'- ^^■'^^/zT''-\-/,ww^^t '^.■W^^^W^ •wfT^^^^f^f'w ''-fv^'Ww»\W-^^. ' . i? n" -''»:!&. y.^xf :-7r^ .,1 ^^Ji""!?---.. '■* y 



= 73- 



loil. 

Consolidation Tests* 

Consolidation curves for four saniples from Site #10 are presented on 
Figures 1-12 to 1-15. All four curves exhibit a fairly sharp break at the 
preconsolidation pressure and S- shaped virgin slopes indicating a 
sensitive soil with a bonded structure. The Initial degree of saturation 
calculated for the consolidation test samples ranged from 98.7 to 100% at 
void ratios in excess of 2.1. 

fhe preconsolidation pressure increases significantly with depth from 
35 kPa at 2.31 m to 87 kPa at 8.43 m, then to 270 kPa at 18.85 m depth. 
These trends have already been shown on Figure 2 in the main text . If 
stressed above the preconsolidation pressure, the soils are extremely 
compressible with C values as high as 1.9 (max. C - 1.86 for 
Sa #10-1-WOA fron 4.86 m depth). 

Hydraulic conductivity values (k) calculated for each loading 
increment are presented in Figures 1-16 to 1-19. Values of k close to 
10"^ cM/b seem characteristic of the over consolidated region followed by 
large decreases in k with decreasing void ratio in the normally 
consolidated region. 

1.3.2 Site 



Mineralogy: 

Two x-ray powder patterni are presented on Figure 1-20 for the 
samples from Site #19. The traces indicate the presence of abundant 
quartz and feldspar along with a series of "erratie" peaks from 0.72 nm to 
1 . 87 nm which indicate the presence of abundant clay minerals . Although 
carbonates comprise 4 to 7.5% of the samples (Table 1-2), calcite and 
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dolomite peaks are not clearly visible on the traces. 

The x-ray traces obtained on the < 2 |jni fines froni Sa #19-1-3 are 
shown on Figure 1-21. The natural fines eontaln abundant lllite (1.0 nm 
peaks) and abundant smectite as indicated by the strong water-wet and 
glycolated peaks at 1.54 and 1.66 nm respectively. The lllite peak shifts 
from 1.0 nm to 1.03 nm dapending on the hydration state Indicating 
significant interlayerlng with a swelling clay. Fotassiiuii saturation 
causes considerable decrease in the intensity of the smectite peaks but 
does not collapse them completely (even on air drying) suggesting a 
complex mixture of vermlculite and smectite. Heat treatment of the K* 
saturated specimen to 550°C produced a high 1.0 nm lllite peak and no 
chlorite peak confirming that for this particular I^eda clay the 1.5 nm and 
0.7 nm peaks are indeed smectite. 

Porewater Chemistry: 

The chemical analyses in Table 1-3 show the soil to have a pH of - 8, 
indicating a slightly alkaline environment. Salinity measurements of 
Q. 3 to 0.52 g/L indicate extensive salt removal at these sample depths. 
Unlike the Site #10 samples, Ca** is the dominant species in solution, 
with lower Goncentratlons of Ma* and Mg"'^. There is very little K* In 
solution. 

SAR values of 0.9 and 1.1, calculated using the porewater analyses 
presented In Table 1-3, show that Na* probably occupies only 1 to 21 of 
exchange sites on the clays. 

Index Tests: 

Atterberg limits were performed on two samples from Site #19, 
corresponding to depths of 3.3 m and 6.2 m (Table 1-4). The plastic 
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llmits showed similar values of 22% and 23% with corresponding liqiiid 
limits of 49% and 40%. 

The natural moisture contents ©£ 51% and 451 were both above the 
liquid limits giving values of liquidity Index greater than tinlty for botia 
sanples , 

Gonsolidation Tests: 

The consolidation curve for the 3.25 m deep sample from Site #19 

(Sa #19-1-3 on Figure 1-22) shows a preeonaolldation pressure of 214 kPa. 

The sample was Initially 97% saturated, had a lower e^ value of 1.43, and 

was less compressible than the corresponding samples from Sit© #10. The 

C value is about 0.7. 
c 

Flgmre 1-23 shows hydraulic conductivity values of about 2 x 
10"^ cm/s in the overconsolidated region followed by a steady decrease in 
k to about 10"® em/s in the normally consolidated region. 

1.3. 3 Site m (NRG) 

Mineralogy.: 

The powder pattern obtained on the sMople from Site #1 Is shown on 
Figure 1-24. The x-ray trace Indicates that the mineral components 
©onslst of quartz and feldspar plus significant amowits of smectite and 
lllite. A trace amount (0.2%) of carbonate is also present In the sample 
(Table 1-2). 

Diffraction traces obtained on oriented fines are shown on Figure 
1-25, The traces for the natural clay fines show them to consist 
essentially of smectite and lllite, the lllite being extensively 
interlayered with swelling clay. Air drying causes the 1.52 nm peak to 
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contract to a broad 1.05 tm peak interpreted to consist of Inter layered 
illlte/siiectite . On subsequent glycolatlon, a strong sBectite peak 

developed at 1.73 nm. 

X-ray traces for K* saturated fines are illustrated on Flpire I -25b. 
These show significant collapse of the 1.57 tm smectite peak to form an 
Intensified 1.04 nm illlte/siiectlte peak in the water-wet state. Air 
drying seems to have further intensified the 1.03 nm illite/smectite peak 
and subsequent glycolatlon produeed a broad 1.58 to 2,15 nm sniectite peak 
but did not further modify the 1.03 ran peak. The intensification of the 
1.0 nm peak by K"*" saturation In the water-wet state implies the presence 
of some vermleulite-llke minerals in the sample. Heat treatment collapses 
the Sttecttt© peaks completely producing a single strong peak at 1.00 nm. 
The absence of a 1.4 nm peak on the 550°C trace Indicates an absence of 
chlorite. 

Porewater Chemis try : 

The chemical analyses ©f two speciMens from the Shelby tube sample 
fron the NRG site are shown in Table 1-3. The soluble salt concentration 
Is only 0.5 g/L and the pH is neutral at 7. The dominant ions in solution 
are Em'^ and Ca"'^ which are present in similar a»ounts plus minor amounts 
of K'*' and Mg"'^. High chloride values of 1328 and 1859 mg/L remain to be 
explained. 

Calculated SAR values (in (Beq/L)^) , using the squeezed water 
chemical data, show that Ha''' should occupy approximately 5% of the 
exchange sites on the clays. 

Index Tests: 

The plastic and liquid limit values of a 1.22 m deep sample from the 
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NRC Site (Table 1-4) are 35% and 70% respectlvsly. Both values are 
notieeably larger than the average values for Sites #10 and #19, 
reflecting the smectite -rich clay fraction. The desiccated nature of this 
soil has resulted in a noisture conteiit of 36% and consequently a very low 
liquidity index of 0.03. 

Consolidation Tests * 

The preconsolldation pressure , a ' , of the NRC sample Is difficult to 
establish from the e-log p curve of the specimen from 1.26 m depth. A 
value between 100 and 300 kPa is suggested, 

The highly desiccated soil had a void ratio of 1,7 and was only 62% 
saturated prior to the consolidation test. It exhibited the lowest 
compressibility of all the samples tested (max. C — 0.365). The 
hydraulic conductivity values show steady decreases with decreasing void 
ratio from 2 x 10'^ cm/s to 2.5 x 10"® cm/s on Figure 1-27. 

1.4 DISCUSSION 

The terms of this contract required hydraulic conductivity testing of 
four (4) Leda clay samples typical of the Ottawa/Carleton region. Since 
the contract was approved, the site selection process focused on Site #10 
as the most probable candidate site. Therefore, a decision on which clays 
to test was biased towards Site #10. 

The samples available for clay/leachate compatibility testing varied 
in nature as follows : 

1. Very soft, low salt, near surface Leda clay from Site #10. 

i. firm, salty Leda clay at 11.7 m depth at Site #10. 

3. Stiff, low salt Leda clay at either 3.1 or 6,2 m depth 
from Site 
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4. Stiff to very stiff, desiccated/weathered, smectite -rich, 
low salt Leda clay from Site |E. 

Two types of Leda clay missing from the list, are a never leached 
marine clay at 35 g/L salt content and a rock- flour Leda "clay". Since 
the very salty clays are normally at depth far below a waste contact and 
the rock- flour varieties are normally too sensitive to build on, it is 
suggested that the samples at hand are excellent for the proposed 
hydraulic conductivity testing. 

1.5 TEST SAMPLES SELECTED 

The following four samples were subjected to clay/leachate 
coapatibility testing: 

1) Sample 10-2-WOC from Site #10, 2.3 m depth 

Salinity - 0.83 g/L, g ' « 35 kPa 

or 

Sample 10-3 -WOF from Site #10, 3.8 ra depth 

Salinity - 1,5 g/L, a ' estimated « 50 kPa 

p 

2) Sample 10-2-WOl from Site #10, 11.3 ra depth 

Salinity - 6.5 g/L, g ' estimated * 100 kPa 

P 

3) Sample 19-1-3 from Site #19, 3.3 m depth 

Salinity - 0.3 g/L, o ' « 214 kPa 

p 

4) Sample NEC from Site #E, - 1.2 n depth 

Salinity - 2 g/L, u ' « 100-300 kPa 
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Table 1-1. List of Shelby Tube SMiples Obtained for Study 



Sample 
No. 






Surface 
Elevation 

(m) 


Sampl 
Deptb 

(B) 


e 


Sample 
Elevation 

(n) 


Candidate 


Site 


#10 








10-1-WOA 






77.47 


4.58 - 


5.19 


72.28 - 72.89 


10-1-WOB 






77.47 


18.30 - 


18.91 


58.56 - 59.17 


10-1-13 






77.47 


26.23 - 


26.54 


50.93 - 51.24 


10 -2 -woe 






76.27 


2.21 - 


2.52 


73.75 - 74.06 


10-2-WOD 






76.27 


6.84 - 


7.14 


69.13 - 69.43 


10 -2 -WOE* 






76.27 


11.29 - 


11.90 


64.37 - 64.98 


10-3-WOF* 






75.87 


3.66 - 


3.96 


71.91 - 72.21 


10-3-WOG 






75.87 


8.24 - 


8.54 


67.33 - 67.63 


Potential 


Ener 


m. 


from Waste 


Site #19 






19-1-3* 






69.67 


3.05 - 


3.36 


66.32 - 66.62 


19-1-5 






69.67 


6.10 - 


6.25 


63.42 - 63.57 


mo Site ; 


IE 












E-NEC* 






94.55 


0.76 - 


1.525 


93.03 - 93.79 



Hydraulic conductivity test specimen. 
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fable 1-2. Carbonate Contents of Test Solls^ ^ 



Sample 
Mo. 


Sample 
Depth 


Sample 
Elevation 


Carbotiate 




(n) 


(■) 


1 


10-2-WOG 


2.35 


73.92 


7.3 


10-3-WOF 


3.69 


72.11 


6.1 


10-1-lOA 


4.78 


72.69 


3.8 


10-2-WOD 


7.02 


69.25 


7.8 


10-3-WOa 


8.39 


67.48 


9.2 


10-2-fOl 


11.72 


64.55 


3.0 


10-1-WOB 


18.89 


58.58 


2.2 


10-1-13 


26,38 


51.01 


12,3 


19-1-3 


3.20 


66.47 


7.5 


19-1-5 


6.17 


63.50 


4.0 


E-MRC 


1.31 


93.24 


0.2 



CI) Arranged in order of increasing depth at Site #10, 
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Table 1-3. Porewater Chemistry 



(1) 



Sample Sample „ Sallni- „ 
No. Depth '^ ity 



(m) 



K Ca Mg Chloride S.A.R. 
■g/L mg/L mg/L mg/L (mg/L) (meq/L)^ 



10-2-WOC 


2.25 


8.0 


0.83 


125 


8 


60 


50 


220 


2.9 


10-3-WOF 


3.72 


8.1 


1.5 


285 


15 


34 


61 


634 


6.8 


10-1-WOA 


4,82 


8.2 


0.5 


85 


9 


14 


25 


122 


3.2 


10-2-WOD 


7.10 


8.1 


3.5 


910 


33 


26 


97 


1770 


18.4 


10-3-WOG 


8.27 


8.1 


3.8 


100 


35 


30 


125 


1880 


1.8 


10 -2 -WOE 


11.67 


8 . 1 


6.5 


1530 


57 


43 


185 


3555 


22.6 


10-1-WOB 


18.68 


8.8 


2.5 


735 


27 


6 


38 


1224 


24.4 


lf-1-3 


3.13 


8.2 


0.3 


32 


11 


45 


33 


14 


O.f 


19-1-5 


6.18 


8.0 


0.5 


53 


24 


75 


62 


23 


1.1 


E-NRC 


0.79 


7.0 


1.4 


335 


15 


350 


38 


1859 


4.5 


I-NRG 


1.31 


7.4 


2.0 


250 


13 


365 


48 


1328 


3.3 



(1) In order of iticreasiiig depth of sMiples from Site #10, 
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Table 1-4. Physical Test Results 



Sample 


Sanpls 
Depth 


Sample 
Elevatloii 




w 


w 


P 




(n) 


m 


(Kpa) 


X 


f 


£ 


10- 2 -woe 


- 2.3 


- 74.0 


IS 


74 


67 


26 


10-3-WOF 


- 3.8 


- 72.1 


^ 


ii 


51 


23 


10-1-WOA 


- 4.8 


- 72.7 


M 


•1 


61 


23 


10-2-WOD 


- 6.9 


- 69.3 


it* 


, m 


60 


22 


1Q-3-W0G 


- 8.5 


- 67.4 


•? 


n 


63 


28 


10- 2 -¥01 


-11.3 


- 65.0 


"■•' 


m 


65 


29 


10- 1 -WOE 


-18.7 


- 58.8 


270 


m 


47 


28 


19-1-3 


- 3.3 


- 66.4 


214 


m 


49 


22 


19-1-5 


- 6.2 


- 63.4 




^ m 


40 


23 


E-NRC 


- 1.2 


" 93.3 


100-300 


36 


70 


35 







m 
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FIGURE I-l. LOCATION MAP OF OTTAWA-CARLETON REGION SHOWING 
LOCATION OF THREE STUDY SITES (A) 
(Adapted from Crawford and Eden, 1965) 
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FIGURE 1-2. REGIONAL RELATIONSHIPS BETWEEN ELEVATION AND 
PRECONSOLIDATION PRESSURE, a' 

r 

(Adapted directly from Crawford and Eden, 1965) 
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FIGURE 1-3. X-RAY POWDER PATTERNS OF WHOLE SOIL SAMPLES OF LEDA CLAY 
FROM SITE 10/ DEPTHS 2,36 AND 3.69 m 
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FIGURE 1-4. 



X-RAY POWDER PATTERNS OF WHOLE SOIL SAMPLES OF LEDA CLAY 
FROM SITE 10/ DEPTHS 4.8 AND 7.0 m 
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FIGUf^E 1-5. 



X-RAY POWDER PATTERNS OF WHOLE SOIL SAMPLES OF LEDA 
FROM SITE 10^ DEPTHS 8.4^ 11.7 AND 18.9 i 
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FIGURE I-i. X-RAY DIFFRACTION TRACES OF ORIENTED/ < 2pm FRACTION OF LEDA CLAY SAMPLES 
FROM SITE #10/ DEPTH 2.34 m ; (a) UNTREATED EXCEPT FOR DISTILLED WATER 
FRACTIONATION; (b) K+ SATURATED 
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FIGURE 1-7. X-RAY DIFFRACTION TRACES OF ORIENTED, < 2 m FRACTION 
OF LEDA CLAY SAMPLES FROM SITE #10/ DEPTH 4.78 m, 
UNTREATED EXCEPT FOR DISTILLED WATER FRACTIONATION 
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FIGURE 1-8. X-RAY DIFFRACTION TRACES OF ORIENTED/ < 2pm FRACTION 
OF LEDA CLAY SAHPLES FROM SITE #10/ DEPTH 8.38 m, 
UNTREATED EXCEPT FOR DISTILLED WATER DIFFRACTION 
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: * S.A.R. = Sodium Adsorption Ratio (meq/L)* 



FIGURE 1-9. COMPOSITE OF GEOCHERICAL DATA FROM BOREHOLES 10-1. 10-2 AND 10-3 
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FIGURE I-IO. NATURAL MOISTURE CONTENT (ia^] VS DEPTH: (a) INDIVIDUAL 
DATA POINTSj (b) STATISTICAL INTERPRETATION 
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FIGURE I-ll. ATTERBERG LIMITS (up AND mg) AND NATURAL 
MOISTURE CONTENT (wn) VS DEPTH 
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FIGURE 1-12. CONSOLIDATION CURVE FOR BOREHOLE 10-2^ 
2.31 m DEPTH (73.96 m ELEV. ) 
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FIGURE 1-13. CONSOLIDATION CURVE FOR BOREHOLE 10-1. 
4.86 m DEPTH (72.61 m ELEV.) 
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FIGURE 1-14. CONSOLIDATION CURVE FOR BOREHOLE 10-3^ 
8.43 m DEPTH (67.44 m ELEV. ) 
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FIGURE 1-15 



CONSOLIDATION CURVE FOR BOREHOLE 10-lj 
18.85 m DEPTH (58.62 m ELEV.) 
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FIGURE 1-16. HYDRAULIC CONDUCTIVITY^ k. FROM CONSOLIDATION 
TEST (BOREHOLE 10-2/ 2.31 rn DEPTH) 
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FIGURE 1-17. HYDRAULIC CONDUCTIVrTY^ kj FROM CONSOLIDATION 
TEST (BOREHOLE 10=1/ 4.a& m DEPTH) 
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FIGURE 1-18. HYDRAULIC CONDUCTrVITY/ k^ FROM CONSOLIDATION 
TEST (BOREHOLE 10-3^ 8.43 m DEPTH) 
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FIGURE 1-19. HYDRAULIC CONDUCTIVITY, k^ FROM CONSOLIDATrON 
TEST (BOREHOLE 10-1, 18.85 m DEPTH) 
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FIGURE 1-20. X-RAY POWDER PATTERNS OF WHOLE SOIL SAMPLES OF LEDA CLAY 
FROM S^ITi 19/ DEPTHS 3.12 AND 6,17 m 
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FIGURE 1-21. 



X-RAY DIFFRACTION TRACES OF ORIENTED/ < 2 pm FRACTION OF LEDA CLAY 
FROM SITE #19. DEPTH 3.12 m: (a) UNTREATED EXCEPT FOR DISTILLED 
WATER FRACTIONATION; (b) K+ SATURATED 
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FIGURE 1-22. CONSOLIDATION CURVE FOR BOREHOLE 19-li 
3,25 m DEPTH (66.42 m ELEV.) 
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FIGURE 1-23, HYDRAULIC CONDUCTrVITYj k , FROM 

CONSOLIDATION TEST (BOREHOLE 19-1. 
3.25 m DEPTH) 
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FIGURE 1-25. 



X-RAY DIFFRACTION TRACES OF ORIENTED^ < 2 pro FRACTION OF LEDA CLAY 
FROH NRC SITE/ DEPTH 1.30 m\ (a) UNTREATED EXCEPT FOR DISTILLED 
WATER FRACTIONATION; (b) K+ SATURATED 



giaai^Sik^Jfe.,, 



- 108 - 



3. Op 



2.5 



m 



o 

W'' 



IB, 



2.0 



1.5 



1.0 



0.5 



eg ^ 1.694 



1 

nRC SITE (E) 
DEPTH = 1.26 m 



g' ^ 100 - 300 kPa 
P 




X 



10 100 

PRESSURE (kPa) 



1000 10000 



FIGURE 1-26. CONSOLIDATION CURVE FOR NRC SITE (E) 
1.26 m DEPTH (93,3 m ELEV,) 
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FIGURE 1-27. HYDRAULIC CONDUCTIVITY^ k, FROM 

CONSOLIDATION TEST (NRC SITE (E)^ 
1.26 m DEPTH) 
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APPENDIX II 



LEAGHATE STABILITY 
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LEACHATE STABILITY 



INTEODUCTION AND METHOD 

The effecC of storage on the cheinlcal composition of the Westmliister 
Landfill leachate Is dlscussei In this Appendix. The purpose was to 
assess the cheiilcal changes that occur In the leachate while stored at 

toon teiiperstiire compared to storage at 10®C. Since the k tests are 
carried out at room temperature In runs lasting one to two weeks , some 
knowledge of the leachate stability is important. 

Waste leachate from the Westminster Landfill site was collected in a 
4 L polypropylene bottle and stored in 23 smaller sanpllng bottles (30 mL] 
wrapped with duct tape to prevent exposure to light. Each analysis was 
made on leachate from one small bottle and then discarded. The room 
temperature varied from 19 to 25®C whereas the constant temperature room 
stayed at 10°C. The samples were analyzed sequentially for pH, calcium 
and iron over a period of 68 days. The cation analyses were conducted on 
acid digested saaples by atomic absorption spectrometry, while the pH was 
monitored using a specific electrode. 

RISULTS 

Tiie results of the leachate stability study are illustrated on 
Figure II -1 and sumiarlzed In Tables II -1 and II- 2. Table II -1 shows the 
results of chemical changes at room temperature (- 21*^C) while Table II -2 
shows results for the refrigerated sample. In eomparison to leachate 
stored at room temperature, storage at the lower temperature (- 10®C) 
slows down the chemical changes that occur within the leachate. 






- 112- 



■".^f 



Siiice the leaehate stored at 10®C looks fairly stable, its values for 
pH, Ca"'^ and total Fe can be used as reference values for room temperature 
storage. The C values so deterBined for CI', Na"*"; K"^, Ca"*^, Mg++ and 
total Fe are presented at the hot toil of Table II- 2 and also in fable 3 of 
tihe main text. 

The chemical data obtained on leaehate samples from the 23 bottles 
stored at room temperature display a huge scatter probably related t® 
slightly different biOGhemical conditions in each bottle. Neverthelesi 
the plotted data on Figure II -1 do display important trends as follows: 

I, If the three anomalously high pH values are ignored a definite trend 
of rapidly increasing pH from 6.9 to 7.1 or 7.2 occurs during the 
first day or two followed by little change. 

i» If the Ca"^ is taken to start at an average bottle value of 247 mg/L, ! 
then a definite trend of decreasing Ca'*"'" with time to about 85 mg/L ! 
Is observed. The three low values flagged by question marks remain a 
mystery. The lowest values measured in the permeameter cells j 

(reservoir values) were 105, 108, 65 and 160 mg/L. ' 

/ ■ 
$. The total Fe for the three lO^C leaehate samples averaged 66 mg/L / 

which was considerably below a value of 95 mg/L suggested by Figure 

II- 1. The rapid drop in dissolved total iron reflects rapid ; 

bacterial reduction and precipitation as amorphous FeS . 

2 I 

4. Half of the Ca"*^ losses seem to occur within 7 to 15 days and half of 
the Fe losses occur within 12 days. If a leaehate permeatlori run 
takes 7 to 14 days, then there seems to be little benefit from I 
storing the leaehate at 10°C. In fact, rapid decreases in C rea] 



■,-*' ^ rfejAS, ..'^ife^...^- ,i's!-f /fc'.S 
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coaplleate interpretation of the efflueiit chenistry. 

In any event, it was decided that the Influent leachate would be 
stored at the same room temperature at which the k tests would be 
run. 

An x-ray powder pattern ©f air dried, black slimy prectpltat© is 
presented on Figure II- 2. The trace shows the floes to contain 
abundant calclte. No visible pyrite is observed at 33, O*^ 20, the 
location of a strong 0.271 nm peak. Tiny peaks at 0.339 im and 0.433 
am could represent aragonlte and a form of hydrated calclte. 
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Talble II-l. Eesults of Leachate Stability Assessmetit 
(RooB Temperature Storage) 



Elapsed 
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Cation 


Cone . (mg/L) 
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Table II-2. Chemical Composition of Refrigerated Laachate 
with Increasing Time (T - 10°C) 



Elapsed 
Time 

(days) 




Ion Concentratloii (mg/L) 




pH 


CI- 


Ma+ t*- €a++ Mg+^- 


Total 

m 





:■■ 


740 . 190 300 


70 


6.9 



20 1451 540 328 300 250 6,9 

40^'''^ 1195 660 416 250 290 62 6.9 



Selected G^ ^^^3 547 312 247 280 66 6.9 



(Average Value) 



Notes: (1) Trace amounts of suspefided black slime obserired, 
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FIGURE II-l. pH. CALCIUM AND IRON VS TIME FOR 

DOMESTIC LEACHATE STORED AT - Zl^C 
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APPENDIX III 

PRILIMIIAIY CHEMICAL ASSESSMENT' 
OF SITE #10 SAMPLES 

(Disturbed samples received from 

Water and Earth Science Associates Ltd, 

Carp, Ontario) 



Special thanks are extended to Water and Earth Science Asso'Ciates Ltd. 
for their assistance during the early phases of this project. 
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IMTRODUGTIOli 

A large voliime of disturbed samples was received fron Water and Eartti 
Sclerice Associates Ltd. in the spring of 1987. Also received was a copy 
of their EMOC report for our use, courtesy Derek P. Smith, Hydrogeologlst. 

As a first run on sample selection, the disturbed samples from WESA 

were, analysed for water eontent and salinity. 

lESULTS 

the salinity and water content vs depth profiles are presented on 
Figure III-l. The soil was shown to consist of high water content clays 
(- 60 to 85%) with a preliminary profile that looked bow shaped. 

Ihe preliminary salinity profile (run on air dry soil wetted to a 
soil: water rati© of 1:5) showed a near surface salt content of almost 
lero, increasing to about 12 g/L at depth. The salinity data were 
particularly useful since they indicated that Site #10 could yield both 
low and Intemediate salinity samples , 
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WATER CONTENT AND SALINITY PROFILlS, 
TEST HOLE 10 (Disturbed samples fmm 
Science Associates, Ltd.) ' i i ' 



SITE #10; 
r and Eart^ 
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